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1 INTRODUCTION
1.1  Background

Flight service gations (FSSs) provide severd essential services to users of the national airspace system
(NAS). These sarvicesinclude preflight weather briefings, airport advisories, acceptance of flight plans,
en route (real-time) westher advisories, broadcast weether information, Notice to Airmen classification
and dissemination, monitoring of emergency communications radio frequencies, search and rescue
initiation and coordination, and air/ground communications services for commercid, generd avidtion,
and military pilots.

There are 61 automated FSSs (AFSSs) located throughout the United States and in Puerto Rico. In
Alaska, there are 14 non-automated FSSs Situated in remote areas that generdly are accessible only by
ar. Although much smdler and less sophidticated than the AFSSs, the FSSs play a criticd role in
delivering air traffic services, aswell as advisory information, to aircraft in these remote aress.

Communications between pilots and ar traffic control specidists are enabled by a solid-state voice
switch at each of the AFSSs. At the Alaska FSSs, communications are enabled by a combination of
0lid-state and dectromechanica voice switches.  All these voice switches interface with two basic
types of specidigt pogtions, an in-flight (air/ground) specidist position and a preflight (ground/ground)
specidigt pogtion. Each type of postion supports a digtinct set of specidist functions.  In-flight
specidists communicate with pilots of arcraft in flight, while preflight specidists provide services to
pilots in advance of actud flight. All specidist positions support intercom (intrafecility) cals, interphone
cals (over dedicated/direct-access linesto other air traffic facilities), and dided (indirect-access) calsto
externd parties using public switched or other telephone networks.

The voice switches connect in-flight speciaists with radios at remote communications outlets (RCOs) to
enable two-way communications with arcraft in flight. An in-flight specidist responds to a contact (a
radio cal from a pilot) by identifying the RCO accepting the call and activeting that RCO's radio
trangmitter through the voice switch. Across the nation, in-flight specidigts presently handle more than
three million contacts in ayear, and that number is expected to increase in the future.

At an AFSS, a preflight specialist and a pilot desiring preflight services are connected by means of an
Automatic Call Director (ACD). The ACD accepts the pilot’s incoming call to a telephone number that
is common throughout the continental U.S. and routes it to one of several AFSSs that will provide



| A Report for FSSVS Capability

wegther data and other information relevant to an anticipated flight. The pilot has the choice of listening
to recorded information that can be selected via hisher telephone keypad or of waiting for a preflight
gpecialist to answer. Recorded wesather, aeronautical, and other data and announcements are presented
to pilots by a Voice Retrievd System (VRYS). Preflight specidists who record this information access
the VRS through the voice switch. Recorded information dso is avalable to arcraft in flight via
broadcast transmissons over sdected navigation and landing aids. Figure 1-1 shows the locations of
the AFSSs.

Figure 1-1. Locations of Automated Hight Service Stations

1.2  Need to Enhance Flight Service Station Voice Switching Capability

Voice switching capability at the 61 AFSSs currently is provided by the Type Il Integrated
Communications Switching System (ICSS), an analog voice switch fielded in the 1980s. The ICSSwas
planned to have a twenty-year service life, and switches were purchased from two vendors, Litton and
Denro (Litton recently acquired Denro). Of the 14 non-automated FSSs in Alaska, eight have
electromechanicd voice switches of mid-1960s vintage, and the other Sx have Smdl Tower Voice
Switches (STV Sg) that wereingaled in the late 1990s.

Mission Need Statement (MNS) 320, Voice Switching Capability for Flight Service Sations [Ref.
1]*, sponsored by the Air Traffic Services line of business and approved by the Joint Resources Coundil
(JRC) on 5 August 1997 [Ref. 2], describes the need to sustain and enhance FSS voice switching
capability through the next decade. A cited basis for this need is that haf of the fielded ICSSs (those
purchased from Litton) economicaly will not be supportable beyond June 2002, and that the remainder
(purchased from Denro) will reach the ends of their economic service lives shortly theregfter.

The principal enhancement sought is a capaility to transfer ar/ground and interphone calls normally
handled a a given AFSS to other AFSSs (the cgpability henceforth is identified as “air/ground call

! References are identified and described in Appendix A.
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transfer”). With such a capability, some AFSSs temporarily could cease operations during periods of
low demand for flight services (e.g., a night). This operational concept is described in a saff study of
the Flight Service Architecture Core Group [Ref. 3]. Implementation of ar/ground call transfer will
require the following:

A cdl transfer cgpability associated with the voice switch a each AFSSwhichisto
operate on a part-time besis®

Supporting ground telecommunications service to link the AFSSs operating part
time with the AFSSs to which the former’s air/ground (and associated interphone)
cdlswill be tranderred

Ability to accept, display, and handle transferred cdls at the voice switch and
specidigt postions of each AFSS identified to receive such cdlls.

The sponsor currently envisions that part-time operations will be implemented within “clusters’ of two or
three proximate AFSSs, wherein one would operate full-time and the other(s) would operate part-time.

During the latter part of 1999, the sponsor determined that there existed consderable specidist
dissatisfaction with the current user interface for the ACD and VRS and asked that improvement of this
interface be included as an enhancement to AFSS voice switching capability. It was agreed that this
operationa need would be addressed during the investment andysis.

There dsoisan implicit need for a switching system that readily can adapt to changes in the provison of
FAA voice communications service anticipated to occur over the coming decade, notably widespread
migration to common-user telecommunications networks employing digital technology and techniques.
Such a switching system is desgnated as the Voice Switch Replacement System (VSRYS) in the current
NAS architecture [Ref. 4]. The VSRS is portrayed as being modular and scalable, providing a
common technologica platform to modernize voice switching for flight services and throughout the NAS
in the coming decade.

On 15 May 2000, the sponsor revalidated the need to sustain and enhance voice switching capability
for flight service stations as expressed in MNS 320.

2 This call transfer capability would not enable emergency bypass if a facility were destroyed or substantially
damaged by a catastrophic event. However, it could enable bypassif a condition required temporary evacuation of a
facility but otherwise allowed the equipment therein to function.

3
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2. BASISOF INVESTMENT ANALYSIS
21  Assumptionsand Constraints

The following assumptions and congdraints guided the FSS voice switching capability investment
andyss

The flight service misson will continue, and dl 61 AFSSs and (in Alaska) 14 FSSs
will remain operationd

No RCOs will be reconnected directly to other FSSs or will be deactivated or
added (the existing RCO deployment and connectivity will remain “asis’)

The ACD and VRS at each AFSS were replaced independently® of any voice
switch acquigtion, and their replacement costs were not considered for the FSS
voice switching cgpability investment andyss

Cdl transfer will take place at the part-time AFSSs/'voice switches and not at some
other points along interphone lines or links between AFSSs and RCOs

Supporting ground telecommunications service for ar/ground cal trandfer will be
obtained from an exiging teecommunications infrastructure

Implementation of air/ground cdl transfer is not dependent on the dtatus and
progress of the Operational and Supportability Implementation System (OASIS)
program for flight service autometion.

This investment analysis was not intended to, and did not, examine the basic flight service misson or
consider changes to operational concepts other than part-time operations at some AFSSs that could be
enabled by having air/ground cal transfer capability at the AFSSs as identified in MNS 320.

Within the FAA, there has been expressed some concern that ingallation of OASIS a AFSSs is
necessary for, and must precede, any implementation of air/ground cdl transfer. This concern is based
on assumptions that the OASIS automation and display capabilities will be necessary to present the
additional information, and that the Modd 1 Full Capacity (M1FC) sysem console cannot
accommodate the human interface provisons (mogt likely a touch-entry display), associated with the
transferred calls. While OASIS undoubtedly would facilitate some aspects of handling transferred cdls,
AFSS part-time operations could be implemented usng M1FC. Furthermore, panel space on the
M1FC consoles dedicated to control and display functions for the Type I11 ICSS is more than adequate
for ingdlation of touch-entry diplay screens (or other devices) for specidist interface.

The M1F1 console is shown in Figure 2-1. The current ACD/VRS interface is in the upper right corner
of the figure. The controls and displays surrounding the lower video screen are for interface with the
ICSS.

% Automatic Call Directors and Voice Retrieval Systems were replaced to address year 2000 compatibility concerns.

4
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Figure2-1. Modd 1 Full Capacity System Console
at Automated Hight Service Station

2.2  Reguirementsfor Flight Service Station Voice Switching Capability

Annex | contains the sponsor requirements for FSS voice switching capability that were developed
during the course of invetment andyss. Maor requirements (expressed in terms of an enhanced
capability at AFSSs) are highlighted below.

Any enhanced voice switching capability shall:

Provide dl basc functions and features of the current Type Il ICSS, including its
interface and interoperability with other systems and equipment

Have the ability to monitor (asinitidly ingtaled or through modular expansion) up to
200 ar/ground and 120 ground/ground communications circuits, with any given
circuit being routable to any specidist postion via switch supervisor configuration
Be inddlable (including any future expangon) within the “footprint” of the current
Typelll ICSS

Have the ability to transfer, to another AFSY(s), traffic carried by dl ar/ground
communications circuits and interphone lines physicaly terminated a the AFSS
within which the enhanced capability isingdled
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Provide an improved human interface capability with the existing ACD and VRS
equipment

Be compatible with current and emerging digitd communications technology,
techniques, and standards as reflected in the NAS architecture

Be supportable for at least ten years after ingtdlation, including ability to incorporate
enhanced technology and functiondity on amodular basis.

The primary requirement for voice switching capability at the 14 nonautomated FSSsin Alaskais to
sugtain the functiondity provided by the current voice switches in amanner that will be affordable for the
next decade.

2.3 Evaluation Criteria

Evauation criteria consdered in recommending an dternative as a solution for FSS voice switching

capability were:

Sustains voice switching capability

Enables air/ground (and associated interphone) call transfer

Improves specidist interfaces (voice switch and ACD/VRS)

Modernizes NAS

Simplifieslogistics support

Preserves current level of service accesshility as perceptible to flight services
customers

Has acceptable program/technica risk

Acceptable to operational work force (congdering human interface, changes to
working conditions, and ease of trangition)

Affordability.

The degree to which a given dternative satidfies these criteria, Sngly and in combination, is based on
judgment of agency stakeholders represented on the investment andysis team. However, the ultimate
sdection of asolution largey will rest on affordability.
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3. CHARACTERIZATION OF TECHNICAL ALTERNATIVES

3.1  Technical Deficiencies of Current Voice Switchesat Flight Service Stations

The deficiencies of the current voice switches at AFSSs, and a FSSs in Alaska, againgt the sponsor’s
needs and requirements identified in Sections 1 and 2 are presented in Table 31. The table dso
identifies potential solutions to address these deficiencies.

TABLE 3-1. DEFICIENCIES OF FLIGHT SERVICE STATION VOICE SWITCHES

Deficiency

Potential Solution

1. ICSSsat 61 AFSSs nearing end of economic service
life

Extend servicelife of ICSSs
Replace | CSSs with new voice switches

2. ICSSs have no capability to transfer incoming
air/ground and interphone calls

- Add “black box” routersto ICSSs at AFSSs that will

transfer calls (i.e., will operate part time)
Replace all ICSSs with new voice switches having call
transfer capability

3. ICSSs (including operator interfaces at specialist
consoles) have no capacity to accept and display
additional (transferred) calls

Replace ICSSs* with new voice switches at AFSSs
that will accept transferred calls (i.e., will operate full
time)

*Not technically feasible to expand or modify ICSSs

4. No ground telecommunications service in place to
transport transferred calls from one AFSS to another

Procure supporting ground telecommunications
service

5. Electromechanical voice switches at 8 of 14 Alaska
non-automated FSSs well beyond economic service

Replace with new voice switches (smaller than voice
switchesrequired at AFSSs)

life (no need for call transfer capability)

The firg three deficiencies listed bound the sets of candidate solutions that can be considered for
AFSSs if ar/ground and interphone cal transfer is to be implemented. These seis are defined as
follows.

Solution St 1. Replace dl ICSSs with new voice switches having cdl transfer
capability (addresses deficiencies 1, 2, and 3)

Solution Set 2. Replace ICSSs at full-time AFSSs with new voice switches (addresses
deficiencies 1 and 3). Extend service life of ICSSs a part-time AFSSs and add “black
box” routers to the ICSSs (addresses deficiencies 1 and 2).

The solution sts are illudrated in Figure 3-1. An assessment of these solution sets againg the first Six
evaduation criteria of 2.3 is shown in Table 311 (the remaning three criteria are more sendtive to
gpecific aterndives).

Service-life extendon of dl ICSSsis not a viable component of any solution that provides cdl transfer
capability because of deficiency 3. Notwithstanding, such service-life extenson will be addressed as a
“reference casg” for judging candidate solutions involving replacement voice switches at some or al

AFSSs.
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New Ground New Ground New
Sw Link Sw Link Sw
Part-time Full-time Part-time
AFSS AFSS AFSS
1. ReplaceAll ICSSs
|CSS| Black Ground New Ground Black ||CSS
Box Link Sw Link Box
(SLE) . . .(SL E)
Part-time Full-time Part-time
AFSS AFSS AFSS
2. Replace ICSSsat Full-time AFSSsand Install Call
Transfer Black Boxes at Part-time AFSSs
Figure 3-1. Solution Sets That Enable Air/Ground Call Trandfer
TABLE 3-1I. EVALUATION OF SOLUTION SETS
Evaluation Solution Set Reference Case
Criterion 1. Replacement 2. Replacement Switches, | Service Life Extension
Switches Everywhere I CSSs, and Black Boxes of All ICSSs
Sustains voice switching capability | Yes Yes Yes
Enables air/ground call transfer Yes Yes® No
Improves specialist interfaces Yes Partial® No
ModernizesNAS Yes Partial® No
Simplifieslogistics support Yes No No
Preserves user service accessibility | Yes Yest® Yest®

NOTES:

a. Equipment installation “freezes’ initial selections of full-time and part-time AFSSs
b. Criterion satisfied only at AFSSs receiving replacement voice switches
c¢. Future service may be degraded by equipment failuresif cost of ICSS support becomes prohibitive

Although not stated in MNS 320 as part of the need, the sponsor implicitly assumed the ability to define
(and redefine) cdl-trandfer clusters on an operationd bas's, and to designate any AFSS within a cluster
as the full-time AFSS.  Accordingly, the solution set involving black boxes is percelved as less desirable
than dternatives that do not introduce technologica congraints on determinations of clusters and full-
time AFSSs. Furthermore, any solution involving a mix of replacement voice switches, ICSSs, and
black boxes imposes an additiond logistics burden and provides unequa capabilities for specidids at

different AFSSs, possibly leading to work force dissatisfaction.
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3.2 Service Life Extension of Current Voice Switches

3.2.1 Statusof Current Voice Switches

The current AFSS voice switches are Type I11 Integrated Communications Switching System (ICSS),
manufactured by Litton and Denro. In 1982, the FAA contracted with Litton for delivery of 31 Type
[11 ICSSs and, in 1984, with Denro for 15 Type |11 ICSSs. In December 1988, the FAA contracted
with Denro for ddivery of another 17 Type Il ICSSs manufactured to an upgraded “Phase 1A”
production basdline (the 15 Denro ICSSs acquired in 1984 were identified as “Phase 17). In
September 1993, Denro was awarded a three-year contract to upgrade the 15 Phase 1 switchesto the
Phase 1A basdine.

The Litton and Denro 1CSSs handle communications traffic in andog form and employ eght-hit, firg-
generation microprocessors thet are obsolete’. Peripheral equipment includes obsolete disk and tape
drivesthat areinordinately costly to repair or replace.

The Litton ICSSs currently are supported by the FAA at stelevel and by Litton at depot level under a
ten-year, fixed-price contract (with economic price adjustment) that expires in June 2002. The Denro
|CSSs were supported in asimilar manner, but, in 1996, the FAA assumed depot support responsibility
for these switches (the necessary data, equipment, and parts were obtained from Denro). The Litton
support contract includes no options for providing the FAA with depot-level technica data, tools, test
equipment, or spare parts, and the agency would be unable to assume depot support respongbilities for
the Litton ICSSs without purchasing these items at an additiona, negotiated price.

At the Alaska FSSs, the GRM Corporation Mode 8165 e ectromechanica voice switches no longer
are supported by the FAA, and field-expedient means® are used to keep these switches operational.
STV Ss (which have alarge indalled base in towers) will be supported by the FAA for at least the next
decade.

3.2.2 Advantages and Feashility of Sarvice Life Extenson

There are severa generic advantages to sustaining any operationd system or equipment (assuming that it
can remain capable of satisfying its essentid functiond requirements). These advantages include:

Continuation of familiar operational processes and procedures
No disruption resulting from ingdlation of new equipment and remova of old
equipment, and no period of operationd trangtion during which quality of service

* Similar Type Il ICSS switches, installed at airport traffic control towers and terminal radar approach control facilities,
are being replaced with digital voice switches under the FAA’s Enhanced Terminal Voice Switch program over a
seven-year period that beganin 1997.

® A technician first will check the Logistics Center, then other operational sites, to determine if a replacement for a
failed part eists. If unsuccessful, the technician then will attempt to improvise a solution using whatever suitable
materials may be available.
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provided to customers may experience degradation
Avoidance of subgantid initid cost associated with new equipment acquisition
(even though ultimate lifecycle cost may be lower).

The Litton and Denro ICSSs functiondly are cgpable of enabling continuation of flight service provison
in its present form. The air/ground radios a2 RCOs will remain andog for severa years. Without
ar/ground cdl trander, switch interfaces with ground tdecommunications infrastructure will comprise
terminations of dedicated voice-grade interphone lines from other air traffic control facilities and
subscriber-levd circuits from commercial networks. These aso will be supportable in andog form for
the foreseeable future.

Analysis of operationd datafor the Litton and Denro ICSSs, combined with other available information,
indicates the technicd feashility of supporting both switches for the next severd years as a minimum.
Thus, service-life extendon is aredidtic dternative to continue current AFSS voice switching capability,
and an immediate decison regarding a program for enhancement rests principally on affordability, on the
urgency of implementing AFSS pat-time operations, and on a desre to proceed with NAS
modernization in the voice switching arena.

Because the eight eectromechanicd voice switches at Alaska FSSs are technologicd “orphans’, it is
not viable to assume a continuing capability to sustain their functiondity for an extended period of time.

3.2.3 Disadvantages and Risks of Sarvice Life Extenson

The disadvantages of service life extension for al current AFSS voice switches are:

Uncertainty regarding how long (beyond the next severd years) it will be
economically feasble to sustain the Litton and Denro ICSSs at the 61 AFSSs
Inability to implement ar/ground cal trandfer to redize increased flight service Saff
utilization effidency from part-time operations of some AFSSs

Failure to capitaize on better accuracy and greater efficiency in performance of
functions by air traffic control specidists and switch maintainers that would be
enabled by modern hardware and software capabilities and design

Fallure to support modernization of flight services and NAS voice switching as
described in the NAS architecture.

The factor posing the greatest risk is the firdt, the uncertainty of sustainability (the other factors pose
operationa pendties but not risks per se). It is possble that non-reparabdle critical failures of ICSSs
could force closures of AFSSs, necessitating consolidations of their functions (or closures of other
facilities from which working 1CSSs would be canibdized to repair the faled switches) or could force
piecemed “emergency” acquiditions of replacement switches that might or might not be well suited to
perform flight service voice switching functions. More likdy are increesing falures that would result in
service outages, degrading the overdl leve of service provided to airgpace users.

The impact of uncertain sustainability is reflected in the lifecycle cost estimate of Section 4.

10
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3.2.4 Ddfinition of Reference Case

A “reference casg” edtablishes the basis for estimating lifecycle economic and operationa benefits of

providing an existing capability or service in dternaive ways. The reference case often is “satus quo’

(sometimes cdled “do nothing”, a misnomer); i.e., continuing to provide the capability or service for a
gpecified number of years in the same manner as it currently is provided. However, the reference case
must condder the impacts of the following if gpplicable:

Planned modifications to current system hardware and/or software

Planned changes to current operationa procedures

Beneficid modifications/changes that, athough not planned, could be implemented
within the realm of operationd management’s discretion and budget authority (i.e,
that do not require gpprova of the JRC or any other agency-level management

body).

A degree of subjectivity often is required in deciding whether a hypotheticd modification or change
would congtitute a manageria prerogative and therefore should be used in defining a reference case that
could enhance the status quo. After comparisons of candidate aternatives to such a hypothetica
reference case (sometimes cadled a “non-materia solution™), the latter may emerge as the preferred
solution.

For AFSS voice switching capahility, the reference case, comprising service-life extensgon of the Litton
and Denro ICSSs, has been defined as status quo; continued depot-level support of the Denro ICSSs
inthouse and of the Litton ICSSs via contract. Trangtion to in-house depot-level support of the Litton
switches was considered as an option for the reference case, but analysis indicated that the costs of
renewing the support contract over the period of service-life extenson would be less than the lifecycle
cogts for in-house support. There is, however, an dement of risk in his concluson because of
uncertainty regarding the contractor’ s assessment of future profitability in continuing to provide support.

Since the eight dectromechanica voice switches a Alaska FSSs no longer receive depot support from
the FAA Logigtics Center, there is no credible data from which to develop areference case.

3.3  Alternativesfor Enhancement of Voice Switching Capability
Two voice switches were considered as replacements for ICSSs currently at AFSSs. They are:

Voice Switch Replacement System (VSRYS)
Enhanced Termind Voice Switch (ETVS)®

® The principal reason for consideration of the ETVS is its availability through the current Litton contract. Other
terminal voice switches that recently have been acquired by the FAA are the Rapid Deployment Voice Switch (RDVS)
and the STVS. The RDVS contract is intended for small-quantity purchases, and its terms and conditions render it
unsuitable to address AFSS voice switch requirements. The STV'S, although currently available, istoo small for use
in AFSSs.

11
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The VSRS (the designation is taken from NAS Architecture 4.0, as discussed in 3.3.7) isa commercia
or non-deveopmentd item (NDI) voice switch designed and manufactured using contemporary
concepts, technology, and practices for communications switching sysems (such as modularity,
scaability, and conformance to open standards). It would include (or be modified to include) the
ar/ground cdl trandfer capability needed to implement AFSS part-time operations and would utilize a
touch-entry display (TED) for operator interface (as do nearly dl new voice switches) that could be
adapted to accommodeate the requirements of the flight service interface, and the ACD/VRS interface as
wal.

During the soring and summer of 1999, members of the investment andyss team met with severd
vendors of voice switching technology and established that switches are available in the commercia and
government arenas that could be suitably modified”. Thus, the VSRS could be acquired through full and

open competition.

The ETVS currently is ingdled in larger airport traffic control towers and termind radar gpproach
control facilities The ETVS design is based on mid-1990s technology and is available via contract with
Litton through 2004. Although a digitd switch, it is desgned to interface only with anaog
communications circuits. Asatermind switch, it does not include the capabilities needed to accomplish
cdl trander, and both its hardware and software would have to be modified for that purpose. The
ETVS uses a TED for operator interface that could be modified for flight service and ACD/VRS
interface functions. The Litton contract includes depot maintenance support that extends into 2007.

As described in 3.1, one solution set for enhancing AFSS voice switching cgpability (in particular, for
providing air/ground cdl transfer capability) involves the replacement of ICSSs with new voice switches
at some AFSSs, and the addition of call transfer “black boxes’ to the ICSSs at other AFSSs. The new
switch for this solution set, which would not require cal transfer cgpability, could be either a“VSRS’ or
an ETVS. However, the black box itsdf would require development, which, for practica purposes,
would be accomplished by the contractor providing the voice switch. For the ETVS in particular, the
scope of effort to provide the switch and develop a separate cal transfer black box would be similar to
the scope of effort to modify the switch itsdf to include cal transfer capataility.

3.3.1 Implementation Alternatives

Basad on the above, the following implementation dternatives to enhance voice switching capability at
AFSSs were defined.

Solution Set 1. Replace dl ICSSs with new voice switches having cdl transfer
capability

la UseVSRSs(with cdl trandfer capability) at dl AFSSs
1b. UseETVSs modified to include cdl transfer capability, at al AFSSs

"Vendors participating in the market survey areidentified in Annex I1.
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Solution Set 2. Replace ICSSs at full-time AFSSs with new voice switches. Extend
sarvice life of ICSSs at part-time AFSSs and add “black box” routers to the ICSSs

2.a Us2VSRSs (no need for call transfer capability) at full-time AFSSs
2b. UseETVSsat full-time AFSSs

For dl cases of replacement voice switches (whether including call trandfer cgpability or not),
nonrecurring engineering will be required to modify the TED to accommodate the flight service and
ACD/VRS interface functions.

3.3.2 Common Factors

For any of the implementation aternatives, there are severa factors that must be considered, dl resulting
in “additiona” costs for enhancement of voice switching cagpability a the 61 AFSSs. These are as
follows

The “dude” scenario used to edimate the economic benfit of cdl transfer
(described in 4.5.1) includes part-time AFSSs having both Litton and Denro
ICSSs. Implementation of ether “black box” aternative as described thus would
leave both types of ICSS in use while adding a third type of voice switch (VSRS or
ETVYS) to peform flight service voice switching. Accordingly, for either “black
box” dterndive, dl Litton ICSSs (whether at full-time or part-time AFSSs) will be
replaced, since the Litton ICSSs pose the greater risk in ICSS sustainability, leaving
only the Denro ICSSsin use

For either type of replacement voice switch (and black box) ingdlation, AFSS
fecilities will require upgrades (some more than others) to accept the newer
technology

For ether type of replacement voice switch (and black box), RMM capability and
telecommunications will be required (NAS architecture imperetive)

For either type of replacement voice switch (and black box), information security
(INFOSEC) capabilities and features will be required (NAS architecture
imperative). These capabilities and features presently are undefined (3.3.6
discusses INFOSEC in more detail)

At AFSSs receiving replacement voice switches (VSRS or ETVS), OASIS
consoles must be modified to accept TEDs (OASIS consoles currently are
designed to accommodate controls and displays of the ICSS)®

The Aeronautica Center and Technical Center require four “glass casg’ switching
sysems (ETVS or VSRS, with black boxes as appropriate) for maintenance,

8 Full-scale manufacture of OASIS consoles has not yet begun, and there exists an opportunity to redesign the
console panels to accept the TED of areplacement voice switch (VSRS or ETV'S) with only anonrecurring cost. The
OASIS program office will not make any change to the console contract until a program for AFSS voice switching
capability enhancement is established. If console manufacturing and deployment commence before the panels are
redesigned, there will be a considerably larger recurring cost for modification.
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training, and testing.

These factors have been included in developing the lifecycle cost edimates for the implementation
dterndives.

3.3.3 Acqguistion and Ingdlation of Voice Switch Replacement Sysem

As dated in 3.3, discussons with vendors of voice switching technology have indicated that a switch
satisfying the sponsor’s requirements can be acquired as a modified commercia product via full and
open competition. Some nonrecurring engineering will be necessary to provide transfer capability for
ar/ground cdls (either within the switch itsdf or as an externd “black box” device) and to modify the
TED to accommodate the flight service and ACD/VRS interface functions for computer-humen
interface (CHI). However, most of the switch modules would be NDIs.

The basic grategy for ingalation (after the modified switch design has been tested thoroughly to satisfy
contract specifications) is to replace the Litton ICSSsfirg, followed by the Denro ICSSs. The specific
sequence of ingalations for AFSSs will be coordinated with Air Traffic to enable air/ground cal transfer
and part-time operations to commence as early as practical. The four “glass casg” switching systems
will be provided to the Aeronautica Center and Technica Center during the period of Litton ICSS
replacement.

Because replacement of Litton 1CSSs cannot be completed before June 2002, it will be necessary to
extend the Litton depot maintenance support contract to cover the period of VSRS ingdlation. If black
boxes are being indaled at part-time AFSSs, only those Denro ICSSs a full-time AFSSs within
clusters will be replaced. Denro ICSSs a any AFSSs that are not in clusters (and thus do not
participate in air/ground call transfer) will not receive black boxes.

The distribution of equipment described above for the two dternatives involving VSRSs (1.a and 2.a)
isshownin Table 3-111.

TABLE 3-11l. AFSS EQUIPAGE FOR VSRS ALTERNATIVES

Implementation AFSS Having Litton ICSS AFSS Having Denro ICSS
Alternative FT/Cluster PT/Cluster Non-cluster FT/Cluster PT/Cluster Non-cluster
la VSRS VSRS VSRS VSRS VSRS VSRS
2.a VSRS VSRS + BB VSRS VSRS Denro + BB Denro
3.3.4 |Inddlation of Enhanced Termind Voice Switch

Acquistion and ingalation of ETV Ss as replacement voice switches a AFSSs would be highly smilar
to acquidtion and inddlation of VSRSs (with or without black boxes). The principal perceived
advantage d this approach is use of the current ETV'S contract with Litton, thus saving potentidly as
much as a year in solution implementation compared to conducting a full and open competition for the
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VSRS

However, the extent of modification required to include call transfer capability (either as part of the
ETVSitsf or as a black box), and to incorporate the flight service and ACD/VRS interface functions
in the TED, might lead to vendor protest(s) on the bass that the effort is beyond the scope of the
current contract. Such protest(s) could negate the schedule advantage of a single-source award.

It dso is likely that funding would not be available to support an accelerated schedule. Because
acquistion authority under the contract expires in 2004, there likely would not be sufficient time to ingtall
switches a al AFSSs (or even switches and black boxes at most AFSSs) without a contract extension
(further increasing the likelihood of protest). Accordingly, commitment to ETV Ss as replacement voice
switches is considered to pose a medium-to-high risk to program success.

Another advantage of the ETV'S (when replacing the ICSSs at dl 61 AFSSs) is that, beyond smplifying
logistics support by consolidating two types of flight service voice switch to a Sngle type, thereis an
ingdled base of ETV Ss throughout the NAS. However, depot maintenance support under the Litton
contract expires in 2007 (at which time the ETV S technology will be more than ten years old), resulting
in a dtuation andogous to the one that the agency faces with the Litton ICSSs. It dso is noted that
Denro ICSSs currently at the Aeronautical and Technica Centers would remain in addition to the glass-
case new switching systemsto be ingtadled.

3.3.5 Human Factors

Several human factors issues regarding provision of flight services have been identified during the course
of the invesment andlys's, in large part due to active participation by the National Associaion of Air
Traffic Specidigs on the investment andyssteam. The principa issueis one of CHI with a replacement
voice switch. Contemporary voice switches commonly use TEDs for CHI to conduct normal switch
operations. The design of a TED involves technica consderations such as color, contrast, resolution,
vighility in arbient lighting, and Szes and shapes of characters and icons. It dso involves operationa
and “culturd” consderations relaing to the types of functions to be performed and how those functions
previoudy have been accomplished by the work force. In short, a successful design requires the
ongoing collaboration of human factors experts and personne with operationd experience who can
provide ingghts and feedback on evolving prototype designs.

Members of the investment andys's team have examined TEDs for current FAA voice switchesin detall
to identify aspects that should be addressed in the AFSS voice switch requirements document and to
determine the likelihood of any sgnificant human factorsrisks. No such risks have been identified & this
time, dthough some concerns have been noted. One involves the display of information on the status of
switch lineterminations. Since a TED that could be ingaled in or on a specidist console (either OASIS
or M1FC) would not be large enough to present status information on dl RCO stes and interphone
lines smultaneoudy (including those transferred for part-time operations), a method must be designed to
disolay them in alogica and efficient manner for use by the work force. Thisis an example of the type
of human factors concern that, once recognized, poses little technical risk and usudly can be addressed
in agraghtforward manner. It is only when not recognized in a timely manner that such a concern may
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become a significant risk to a program’ s planned cost and schedule.

Another concern is the integration of CHI for the ACD and VRS with CHI for the voice switch. Air
traffic control specidists have articulated severa shortcomings of the current ACD and VRS interfaces
(in particular, a a nationwide meeting held in Ddlas, Texas in November 1999). It subsequently was
agreed that enhancements of these interfaces will be accomplished as part of any program acquiring
AFSS replacement voice switches. This integration may pose a medium technical risk in that additiona
control and display functions must be accommodated on the TED. However, it is better to recognize
such aneed in the beginning than to attempt retrofit of the requirement after the CHI design is underway.

Physicd placement of the TED onthe specidist console (whether OASIS or M1FC) is a human factors
concern. Either console must be modified (OASIS consoles currently are designed for the controls and
displays of the Type Il ICSS) to accept the TED, and failure to recognize some aspect of viewakility or
accesshility before modification is undertaken could become a codlly oversight.  Coordination
discussions with the OASIS program office have been initiated, and thisrisk is assessed as low.

There dso are human factors considerations n the transfer of ar/ground cdls to implement part-time
operations of some AFSSs. These involve not only the TED concerns previoudy identified but also
introduction of new procedures and handling of increased workload. Risk in this area can be mitigated
by ongoing involvement of the specidist work force in development of new procedures, and by
introduction of part-time operations in a controlled manner after thorough operationa test of air/ground
cdl trandfer. Thereislow risk that air/ground cal transfer could not be integrated successfully into flight
service operations.

Table 31V provides a summary of the human factors issues, risks, and mitigation drategies for an
AFSS voice switch acquigition program.

TABLE 3-1V. HUMAN FACTORS ISSUES AND RISKS

Issue Risk and Approach/Mitigation Strategy

TED design and layout Low: Collaboration of human factors experts and
operational personnel

Integration of flight service and ACD/VRS CHI Medium: Fallback isnointegration of ACD/VRS CHI

Installation of TED in/on specialist console Low: Collaboration of engineers, human factors experts, and
operational personnel

Incorporation of air/ground call transfer in flight Low: Collaboration with operational personnel in procedure

services operations development and thorough operational test

3.3.6 REDACTED
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3.3.7 Compatihility with Architecture

In Verson 4.0 of the FAA’s NAS architecture [Ref. 4], voice switching cagpability for flight servicesis
addressed principdly in Section 17, Communications and Section 25, Flight Services. Table 3-VI
characterizes the current NAS, and synopsizes the architecture' s modernization roadmap, with regard
to voice switches, ground telecommunications, and provison of flight services. An objective of the
architecture is to “modernize [flight services] communications while retaining in-flight voice services and
associated infrastructure as a governmenta function.”

The replacement voice switch envisoned for AFSSs digns with the architecture's modernization
roadmap. The switch (reflecting contemporary commercid voice switching concepts, technology, and
practices) will be completely digitd, including digitd interfaces on both the line and equipment sides; will
be capable of cdl forwarding, in order to perform the air/ground and associated interphone call transfer
function; and will provide cal supervison, a cagpability needed to enable cdl trandfer (and intringcaly
accomplished via common-channd sgnding in an dl-digitd environment). With minor enhancements to
the capabilities aready required to satisfty MNS 320, the AFSS replacement voice switch can become
the Voice Switch Replacement System identified by the architecture for NAS-wide implementation
during Modernization Phase 3.

TABLE 3-VI. NASARCHITECTURE 4.0 MODERNIZATION ROADMAP FOR FLIGHT

SERVICES
TimeFrame Voice Switches Telecommunications Flight Services Provision
Current Analog interfacesfor terminal | 25000 interfacility point- | 61 AFSSswith Model 1 Full
(Modernization | equipment and circuits to-point circuits, most Capacity (M1FC) flight service
Phase 1) No call forwarding; in-band or | digital automation
Nno supervisory signaling
Through 2005/8 | Transition to digital interfaces | Transition to switched/ M1FC replaced by OASIS
(Modernization | and out-of-band/common- common-user network Increasing pilot self-reliance for
Phase 2) channel signaling providing bandwidth-on- | preflight services and greater
demand emphasis on specialist provision of
in-flight services
2006/9 — 2015 Transition to all-digital Voice NAS-wide information Transition from voiceto datafor
(Modernization | Switch Replacement System network interconnectsair | provision of in-flight services
Phase 3) scalable for use throughout traffic control facilities, (dependent on user equipage)
NAS databases, and NAS OASIS upgraded to provide
users enhanced flight-planning functions

The ETVS, which currently has an indaled base within the NAS, is one of the voice switches that is
envisoned to be replaced during Modernization Phase 3 of the NAS architecture. Thus, the ETVS can
be viewed as a “future legacy” voice switch that represents the characteristics of Modernization Phase
1, and its ingtdlation during the closing years of Modernization Phase 2 would not appear to represent
the best use of the agency’ s capita funds.
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3.3.8 Solution for Alaska Hight Service Stations

Because the electromechanical voice switchesin six of the 14 Alaska FSSs dready have been replaced
with STV Ss, the most cost-effective and operationaly advantageous solution is to replace the remaining
eight eectromechanical voice switches with STVSs. This can be done quickly under the current STVS
contract with Litton.
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34 Role of Ground Teecommunications Service

To implement part-time operations a some AFSSs, it is necessary to obtain service from a ground
telecommunications infrastructure to trangport communications traffic associated with the RCOs and
interphone lines connected to those (part-time) AFSSs to other (full-time) AFSSs. This investment
andysis consdered three facets of a ground telecommunications service:

Technica feashility of trangporting haf-duplex (pushtto-tak) ar/ground
communications traffic viaa switched, full-duplex telecommunications network
Avallability of FAA-owned or -controlled ground telecommunications assets that
could provide suitable service (in terms of bandwidth, qudity, and presence at
subscriber locations)

Annua costs of service and any non-recurring costs to establish connection.

It was determined that agency ground telecommunications assets currently are available, and will be
available in the future, to support ar/ground cal transfer. Technicd feasibility dso was ascertained
(Appendix B presents relevant consderations). The operationa architecture that was used to model
ar/ground cdl transfer, and thus provide the basis for estimating telecommunications codts, is described
in 451. That architecture comprises clusters of geographicaly-proximate AFSSs, with one of the
AFSSs in each cluster serving as the full-time facility to which the part-time AFSSs transfer their
ar/ground cdls during those periods when they are not operationd. The AFSSs within a cluster are
interconnected by dedicated T1 links.

In the latter part of the decade, the agency plans to implement the FAA Tedecommunications
Infragtructure (FT1), a switched, common-user network for voice and data, to replace many of the long-
haul, point-to-point transmisson systems and circuits currently in use throughout the NAS.  FTI1 will

transport information in digita form, dthough users (at least initidly) will be able to present and receive
information in analog as well as digitd format a FTI interface points.

For this invesment andyss, FTI was not consdered as a means of obtaining the ground
telecommunications service necessary to enable air/ground call transfer, since it is not projected to be
available for flight services use until severd years after enhanced voice switching capability is fieded at
AFSSs. At present, any estimate of a cost advantage that FT1 then might provide over the cost of
currently-available telecommunications service would be conjectura.  The principd reason for
addressng FTI in this report is to note that it offers the posshility of dlowing air/ground cal transfer
without the need for call transfer capability a the AFSSs (athough new voice switches till would be
required at AFSSs recalving transferred cdls). In lieu of “hard wiring” RCOs to specific AFSSs (as is
now the case), RCOs could be connected to FTI access points and then routed to any AFSS desired
through the network.
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4.Comparison of Alternatives
4.1 Lifecycle Cost of Reference Case
Redacted
4.2 Installation of Small Tower Voice Switchesfor Alaska
Redacted
4.3 Total Costs of Implementation Alternatives
Redacted
4.4 Lifecycle Cost of Voice Switch Replacement System
Redacted
45  Benefits
Table 4-1V categorizes the benefits that would arise from replacement of the 1980s-vintage ICSSs at all
AFSSs with VSRSs employing modern technology and based on open standards. As noted, al

benefits accrue to the FAA.

TABLE 4-1V. BENEHT CATEGORIES FOR REPLACEMENT VOICE SWITCHES

AT ALL AFSSs
Benefit Category Benefit Description Beneficiary

1. Efficiency of Increased flight service staff utilization efficiency enabled by air/ground FAA

service delivery call transfer
2. Infrastructure Support cost avoidance (in comparison to continued use of ICSSs) plus FAA

modernization NAS architecture compatibility and INFOSEC capability
3. Intangible Identifiable benefits that have not been quantified because of difficulty FAA

and/or minor contribution to overall benefit

The reference case, service life extenson of dl ICSSs, provides the basis for estimating benefits of
dternatives. The sponsor's intent is to naintain the current method and level of service ddivery as
perceved by users of flight services (principaly genera aviation), so replacement of ICSSs and
implementation of air/ground cal transfer and part-time operations at some AFSSs essentidly would be
trangparent to the users.

(Tables4-1 and 4-111 have been redacted.)
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451 Increased Staff Utilization Efficiency

Implementation of air/ground call transfer will enable (1) some AFSSs to be non-operationd during
daily periods of low demand (i.e., to operate part time), and (2) dynamic workload baancing while all
AFSSs are in operation. Both provide more flexibility to match existing flight service staff resources
with time- and geographicaly-sendgtive demand. This increased daff utilization dficency will dlow
continued ddlivery of the current leve of flight services to usersin the face of decreasing staff resources
due to attrition (budget constraints may not dlow al departing staff to be replaced).

Saffing Model. The approach for quantifying the benefit of incressed daff utilization efficency
involved cdculations and comparisons, by ATX-330, of flight service daffing required to meet
ar/ground service workloads for “clusters’ of two - four AFSSs (1) when cal transfer is used within the
clugters, and (2) when cdl trandfer is not avalable (the base-case daffing). Benefit accrues from a
reduction in gaffing to handle cluster workloads when cdl transfer is used. Nineteen clusters were
defined, based approximately on the AFSSs within ARTCC areas of the contiguous U.S. The AFSSs
in Puerto Rico, Hawalii, and Alaska were excluded, as was the AFSS in Miami, because clusters
including these AFSSs would not be practical.

For each clugter, analyses were done for a hypothetica mid-shift period (2400 — 0600 loca time) and a
24-hour period®. ATX-330 performed the analyses by applying its AFSS daily staffing modd, modified
to address the AFSS clusters as well as individual AFSSs, to daily operationa data samples obtained
for eech AFSS over the course of ayear.

Results Table 4V shows results for the mid-shift and 24-hour periods as differences between the
base- case staffing and the staffing that would be required for cluster workloads if cal transfer were used
(actud AFSS daly staffing levels are not shown in the table). For each clugter, the results are
conddered datidicdly sgnificant when the end points of the 95% confidence intervals do not have
opposite Sgns. Applying the staffing adjustment factor of 1.76 (see Note 4 of the table), the results
indicate a theoretical saving of approximately 40 flight service specididgs for mid-shift operations and of
goproximately 600 flight service specidigtsif workload were aggregated on a continuous basis.

These vaues are representative rather than definitive, because there are many practica factors that
would bear on implementation of workload aggregation via cal transfer.  Since the intention was to
obtain estimates, rather than accurate determinations, of staff reductions, ATX-330 did not optimize
mid-shift timing by facility (which accounts for the dugters that showed staff increases from using call
trander). Also, it is quite likely that more detailed analyss of traffic patterns would lead to different
clugter definitions and greeter Saff utilization efficiencies.

® The clusters and periods used to analyze the flight service staffing impacts of air/ground call transfer were chosen
by ATX-330 as representative for purposes of the investment analysis and should not be construed to signify a
particular intent of the Air Traffic Service.
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Economic Benefit. Using an average annud cost of $75k per non-supervisory specidig, the totd
savings will range between:

Mid-shift only workload transfer

$3M per year (lower bound)

Continuous workload aggregation  $45M per year (upper bound)

TABLE 4-V. REDUCTIONSIN DAILY STAFFING ENABLED BY AIR/GROUND CALL
TRANSFER WITHIN AFSS CLUSTERS

Mid-shift Period: Base-case Staffina

24-hour Period: Base-case Staffina

AFSS Minus Staffina Usina Call Transfer Minus Staffina Usina Call Transfer
Clusters Mean Staffing 95% Confidence Mean Staffing 95% Confidence
Difference Interval Difference Interval
ABQ. PRC -0.13 -0.61 0.36 8.13 7.51 8.74
BDR, BTV, BGR 2.05 1.12 2.98 21.10 20.26 21.94
CDC, BOl, GTF 2.18 1.38 2.99 18.43 17.81 19.06
CLE, BUF, AOO 1.39 0.44 2.34 19.65 19.01 20.30
COU, ICT, STL 0.09 -0.75 0.92 17.78 16.87 18.69
DCA, EKN, RDU 2.74 1.77 3.71 23.13 22.20 24.06
DEN, CPR 1.39 0.74 2.04 9.91 9.19 10.64
FTW, MLC 1.25 0.80 1.70 9.42 8.63 10.20
GNV, PIE 0.17 -0.62 0.95 9.88 9.08 10.67
HHR, RAL, SAN 2.71 1.76 3.66 19.63 18.45 20.80
HUF, LOU, DAY 2.04 1.12 2.96 19.83 19.00 20.67
IKK, FOD, GRB, LAN -1.90 -3.75 -0.05 24.30 22.77 25.83
ISP, IPT, MIV 1.29 0.28 2.29 21.00 20.15 21.85
MCN, ANB, AND 0.86 0.01 1.72 17.27 16.52 18.02
MKL, JBR, GWO, BNA 1.36 0.38 2.35 28.91 28.20 29.62
OAK, RIU, RNO 0.38 -0.44 1.20 18.62 17.95 19.29
PNM, GFK, HON, OLU 3.58 2.57 4.59 29.53 28.05 31.00
SEA, MMV 1.92 1.44 2.40 9.58 8.88 10.29
SJT, CXO, DRI 0.43 -0.72 1.59 19.09 18.09 20.08
Total (excluding gray 22.86 345.18

values)

NOTES:

1. Locationsof individual AFSSsareindicated in Figure 1-1.
2. Positive staffing difference values represent decreases in daily staffing. Negative values indicate

increases.

3. Gray indicates that the mean staffing difference is not statistically significant, based on the 95%
confidence interval. Statistically insignificant values are excluded from the totals.

4. Daily staffing difference totals must be multiplied by the model’s staffing adjustment factor of 1.76 to
obtain the annual staffing differences represented. This factor accounts for seven-day-per-week

AFSS operation and specialist off-position activities (e.g., leave and training).

Thevaues are given in FY 2000 dollars. Actud cost savings will depend on the strategy and timing for
implementation of AFSS part-time operations, as determined by Air Traffic in conjunction with the
Nationd Association of Air Traffic Specialists. Because staffing at many AFSSsis below that indicated
by the staffing standards, staff “saved” through part-time operations will be “reinvested” (redeployed) to
improve sarvice delivery to users by dleviating shorteges a these facilities. As of January 2000, the
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total shortage was 303 specidists.

Air/ground cal trandfer cgpability aso will dlow some reductions in the following types of operating
EXpenses.

Night differentid pay for AFSSs a which night workload subgtantidly is below the
service ddivery capacity of the required minimum gaffing

Overtime pay for AFSSs that are understaffed for local workload

Chargesfor dectrica power used by AFSSs that operate part time.

These reductions are not sufficiently greet to attempt quantification.
452 Ne Bendfit

Support Cost Avoidance. Table 411 shows that, over the lifecycle, support costs for the preferred
dternative are more than $30M lower than the support costs of the reference case (these support costs
are presented explicitly in Table 5111). Thus, the preferred dternative justifies modernization in that
regard.

Air/Ground Call Transfer. The parameter used as a forma measure of benefit for enhancement of
FSS voice switching capability is the annua cost avoidance of increased utilization efficiency of flight
service daff resources that is enabled by air/ground cal transfer. A benefit threshold for the program is
determined by setting FY 2019, the assumed end of the lifecycle for AFSS replacement voice switching
systems, as the year to complete amortization of the capita investment to acquire FSS replacement
voice switches (including the STV Ss a Alaska FSSs, for which benefit is not quantified). The capitd
investment is represented by the F&E cost incurred during FY 2000 — FY 2009, the period of solution
implementation. This cogt totas $103.0M in current dollars, and the present vaue is $64.3M in FY
2000 dollars, using a discount rate of 7%.

Air/ground cdl trandfer is assumed to begin on a trid basis in FY 2004 and to increase at a rate
commensurate with the increesng annua cost of the supporting teecommunications service.  Full
implementation is assumed to begin in FY 2011 and to continue throughout the period of in-service
management. To complete amortization in FY 2019, the annua value of cost avoidance benefit that
must be maintained is $17.4M in FY 2000 dollars. This accounts for the recurring cost of the
supporting telecommunications service.

Table 4-VI compaes vaious leveds of lifecycle cost avoidance from ar/ground cdl transfer
implementation in terms of their net present values. The table adso shows the present vaue of the capitd
investment for FSS replacement voice switches for reference.

As indicated previoudy, the annua cost avoidance attributable to air/ground cdl transfer is highly

dependent on the degree (between mid-shift only and continuous) to which Air Traffic chooses to
implement workload aggregation. For annua cost-avoidance vaues beyond the “basding’ vaue of
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$17.4M, and for more rapid implementation, net benefit will accrue quickly during in-service
managemen.
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TABLE 4-VI. COMPARISON OF LIFECYCLE COST AVOIDANCE LEVELS

GrossAnnual Cost | Net Present Value* | Benefit/Cost Ratio

Avoidance(FYOO$M | ($M through FY19) Through FY 19
OPS) (NPV/F&E)

3.0 (mid-shift only) 25 0.04
12.0 411 0.64
17.4 (baseline value) 64.3 1.00
230 8383 1.37
33.0 131.3 204
45.0 (continuous) 182.8 284

| Solution imp. F& E | 64.3 |
* Accounts for annual cost of ground telecommunications service

45.3 Quditative Benefits

In addition to the above, there are severd bendfits atributable to the modern technology that will
comprise any replacement voice switching system. It is difficult and not worthwhile to quantify these
bendfits, as they are deemed of minor significance to the outcome of the investment andysis, but they
clearly have vaue and therefore are identified.

Smaller size. A replacement switch (including its controls and displays) will be
gamadller than the current switch, thus potentidly freeing floor space in the equipment
room and panel space on the specidist console for other use
Lower power consumption. While this contributes to reduced operating cost of
the replacement switch, lower power consumption aso will produce less heat and
thus place less demand on a facility’s cooling system (conversdly, grester demand
may be placed on afacility’ s heating system during cold weether)
Improved human factors. Examination by flight service specidists of touch-entry
display (TED) screens and other computer-human interface aspects of Hughes
Technicad Center glass-case modds of smal switches currently being acquired by
the FAA indicates that specidist performance of operationa functions involving the
replacement switch should be enhanced. In particular,
- Intringc accessibility of TED screens to whed chair-confined specidists will
obviate the need to modify consoles for disabled access
- After an airborne transmission has ceased, indication of the RCO activated
will remain on a TED screen, dlowing a specidist to respond immediately
via the appropriate frequency without remembering a pilot's verbd
identification of the RCO (if such identification even was provided). Over
time, users may recognize a generd reduction in waits for responses
Continuing interoperability. A replacement switch will reflect a modular design
based on open dandards, enabling it better to maintain compatibility and
interoperability with emerging tdecommunications technology and techniques in the
context of overal NAS modernization.
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5. RECOMMENDATION
5.1  Technical Solution and Program Strategy

The recommended technical solution for sugtaining flight service dation voice switching capability
comprises.

Ingalation of VSRSs with cdl trandfer capability at dl 61 AFSSs (plus four
additional systems at the Aeronautical Center and Technica Center)
Ingdlation of STVSs a the eight non-automated FSSs in Alaska that gill have
electromechanica voice switches (Sx others currently have STV Ss)

The advantages of the recommended technicad solution are:

Air/ground cdl trander capability (in conjunction with supporting ground

telecommunications service) will enable AFSS part-time operations

Modernization of AFSS voice switching capability (including INFOSEC) in

accordance with the plan of the NAS architecture, with potentia to provide the

architecture s envisoned common platform for NAS-wide voice switching

Simplification of maintenance by

- Replacing the current two versions of AFSS voice switcheswith switchesfrom
asingle vendor

- Incorporation of RMM capability in the switches

Cost-effective gpproach (in both acquistion and lifecycle maintenance) to susaining

voice switching capability at Alaska FSSs

Implementation of the recommended technica solution will take place in two phases, asfollows

Phase | (FY 2000 - FY 2006)

- Ingdl STVSsat eight FSSsin Alaska.

- Replace Litton ICSSs a 30 AFSSs. Extend depot maintenance contract with
Litton beyond June 2002 as necessary until dl Litton ICSSs are replaced

- Ingdl four VSRSs a& Aeronautical Center and Technica Center
Air/ground call transfer can begin on atrid bass

Phase Il (FY 2007 - FY 2009)

- Replace Litton ICSS at one AFSS and Denro ICSSs at 30 AFSSs

- Air/ground cal transfer can be implemented fully

The recommended performing organization for program execution is the Voice Switching and Recording
product team, AND-320.

The schedule of inddlationsis shown in Table 5-1.
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TABLE 5-1. SCHEDULE FOR ENHANCEMENT OF FLIGHT SERVICE VOICE SWITCHING

CAPABILITY
FYOO0 | FYO1 | FY02 | FYO3 | FY04 | FY05 | FY06 | FYO7 | FY08 | FY09
AFSSVSRS 5 7 11 11 11 11 9
Alaska STVS 8

Annex |, Acquisition Program Baseline for Flight Service Sation Voice Switching Capability,
presents the funding, schedule, benefits, and performance baselines recommended for JRC gpproval.
The recommended F& E funding profile aligns with the current budget, as discussed below.

52  Affordability

5.21 Capitd Investment

F&E funding reserved in the Capitd Investment Plan (CIP) to undertake an acquisition program for
FSS voice switching cgpability is identified in line C25.00-00, AFSS Voice Switch Replacement and
shown in Table 5-11.

TABLE5-11. Redacted

Affordability for FSS voice switching cagpability was determined by the SEOAT on 9 May 2000. The
determination stated that an affordable program would be one with a cumulative F& E cost that does not
exceed the totd F&E budget through FY 2002, and that outyear funding in the CIP will be adjusted to
match the acquistion program’'s F&E cogt profile.  Thus, the program that is recommended for
implementation is affordable.

5.2.2 Funding of Operations

Table 5111 gives the yearly operations costs for service-life extenson of the ICSSs and for VSRS
replacement switches at dl AFSSs, which is shown in summary form in Table 411. The operations
cogts for the VSRSs are exclusive of the costs for telecommunications service to support ar/ground cal
transfer (those costs are shown in Table 4-111).

TABLE 5-111. Redacted
For the initid years of solution implementation, there is a margind increase in support codts for the
recommended solution compared to ICSS service-life extension, because of startup costs for a VSRS
acquistion program while continuing to sustain the ICSSs. Costs and benefits associated with
ar/ground cdl transfer will be minimd to nonexigtent during these years.

Beginning in the latter part of solution implementation, VSRS support costs fal below those projected
for ICSS service-life extenson. The tota avoidance in operations costs over the lifecycle more than
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$30M. The cost of ar/ground cal transfer will be offset completely by the benefit of staffing reductions
enabled by AFSS part-time operations, as described in 4.5.1 and 4.5.2.

5.2.3 Condderation of Leasing

In lieu of sraight purchase of voice switches for flight service dations (both AFSSs and the Alaska
FSSs), various forms of leasing were consdered (straight lease, lease with option to purchase, and lease
to ownership). Lease to ownership essentidly is aform of financing. Lease with option to purchase,
other things being equd, usudly will cost more than draight lease.  For the federd government, in
addition to cash flow, “color of money” isanissuein a“lease-vs.-buy” decison.

Apart from these issues, leasing is best for a short-term need such that the product sill has sgnificant
resdud vaue a the concluson of the need, or for a need tha is to be satisfied with a rapid-
obsolescence COTS product that must be refreshed during the course of the need. In the latter case, a
performance-based contract that provides the vendor incentive to refresh the technology used to satisfy
the need is a better approach than leasing hardware and software. Neither of these conditions pertains
srongly to enhancement of flight service voice switching capability.

In particular, for AFSS replacement voice switches, the FAA would be required to reimburse the
vendor for the front-end, nonrecurring engineering costs to modify its existing product  satisfy Air
Traffic requirements regardiess of the acquigtion method. In a lease Stuation, the vendor most likely
would be reluctant to absorb these costs before placing product in revenue service. For the FAA, the
outcome of a lease-vs.-buy andyss would depend on vendor terms for amortization or reimbursement
of nonrecurring costs, which would be subject to negotiation. In the absence of specific information, the
investment analysis team has predicated its recommendation on straight purchase.

5.3  Risk/Uncertainty

Risks and uncertainties associated with undertaking a program for replacement of the current AFSS
voice switches and implementation of air/ground call transfer to enable AFSS part-time operations were
identified and quantified by consensus of invesment andyss team members with experience and
expertise in system acquistion and flight service operations. Table 51V shows the risk areas and
potentia risk events identified. It also indicates the assessed likelihood of occurrence for each event
and the leved of risk, should the event materidize, to the prospects for overal program success,
consdering any risk management or fallback strategies available.
TABLE5-1V. IDENTIFIED RISKS FOR RECOMMENDED SOLUTION

Risk (failuretorealizeidentified | Likelihood of Risk Management/Fallback Strategy
capability) Occurrence Level (for “high” and “medium” risk levels)
Technical/operational feasibility
Basic switching system® Low Low
Call transfer capability® Medium Medium | Require convincing descriptions or demonstrations

from bidders before contract award/continue
program as pure infrastructure modernization

Installation and cutover® Medium Low/ Conduct thorough site surveys and schedule
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Medium | around “difficult” sites until solutions (technical or
operational) can be devised and coordinated
Benefitsrealization
Support cost avoidance Low Medium | Negotiate favorable termsfor contract depot
maintenance support and vendor incentives for
technol ogy refreshment
Increased utilization Medium Medium | Conduct early trials of AFSS part-time operations
efficiency of staff resources to demonstrate staff-reduction benefits/continue
program as pure infrastructure modernization
Preservation of current level Medium Low (Most likely to occur during egquipment/procedures
of service accessibility transition)
Baseline adherence
Cost® Medium Medium | Resist changes to requirements/abandon sel ected
requirements and/or reduce number of installations
Schedule High Medium | Coordinate switch installation schedule with Air
Traffic's part-time operations plan and resist
changes
Executability
Availability of required High High Adhereto cost and schedul e baselines and
funding conduct early trials of AFSS part-time operations to
demonstrate benefits/implement clusters delivering
greatest benefitsif installations are reduced
Acceptance and transition® Medium Low (Assure thorough and ongoing coordination with
work force regarding introduction of new
equipment and operational procedures)
Availability of supporting Low Medium | Assureavailability of OPS funding for

ground telecommunications

telecommuni cations/deactivate RCO sitesto remain
budget-neutral

Notes:

On asite-by-site basis.

gk~ owdpE

Includes human factors considerations.
Includes INFOSEC considerations.

Assumi ng availability of required funding.
On anational airspace systemwide basis.

The greatest risks to program success are falure to satisfy stated requirements (specificaly, cdl transfer
cgpability) during product modification and demondration, failure to redize sufficient cost avoidance in
implementing AFSS part-time operations, and the dway's- present specter of reduction in capita funding
during program execution. However, the overdl risk to success of the program as defined herein is

considered low.
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6. SUMMARY OF RECOMMENDED DECISIONS
Approve the technical solution and program strategy
- Ingdl Voice Switch Replacement Systems (V SRSs) with cdll transfer capability, based
on commercid technology and acquired through full and open competition, at 61
AFSSs

- Ingdl the Smdl Tower Voice Switches (STVSs), acquired through the current Litton
STVS contract, at eight Alaska non-automated FSSs

Approve the program schedule shown in Annex |1

- Ingdl the VSRSs in two phases, replacing the Type Il Integrated Communications
Switching Systems (ICSSs) manufactured by Litton during Phase |

- Ingdl the STV Ssduring FY 2001
- Replace Type Il ICSSs manufactured by Denro in Phase |
Redacted

Assign responsibility for program execution to the Voice Switching and Recording product
team (AND-320) of the Communications integrated product team.
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A.

REFERENCES

Federd Aviation Adminigtration, Air Traffic Services, Misson Need Statement 320, Voice
Switching Capability for Flight Service Sations, 5 August 1997.

Federd Aviation Adminigtration, Joint Resources Council, Record of Decision for Mission Need
Satement 320, Voice Switching Capability for Flight Service Sations, 5 August 1997. The
mission need statement was gpproved without revision

Federd Aviation Adminigtration, Air Traffic Operations Service, Flight Service Architecture Core
Group Report, 30 April 1998. This staff study discusses operationa concepts that would reduce
the number of automated flight service dations providing in-flight (ar/ground) and preflight
(ground/ground) services on a 24-hour basis. The study recommends that some stations operate
part-time S0 asto increase utilization efficiency of flight service staff resources during periods of low
demand, leading to the need for ar/ground cal transfer capability a automated flight service
dations.

Federd Aviation Adminidration, National Airspace System Architecture Version 4.0, January
1999. Presents an evolutionary plan for modernizing the NAS and moving towards freeflight. The
plan incorporates new technologies, procedures, and concepts intended to meet the needs of NAS
users and service providers.

(FOUO) Federd Aviaion Adminigration, Office of System Architecture and Investment Andysis,
National Airspace System Initial Information System Security Architecture, September 1999,
draft version. Provides a top-level design for integrating INFOSEC into the NAS. The document
advocates a risk-driven gpproach to remediation and contains little specific information regarding
flight services, which are not directed primarily at assuring separation.

Federa Aviatiion Adminigration, Office of Information Services, Order 1370.82, Information
Systems Security Program (pending signature of the adminigtrator). Establishes high-leve policy
and assgns organizationd and management responghilities to ensure FAA implementation of
regulations and directives for executive depatments and agencies pertaining to security of
information systems and resources.

Skitka, L. @ d., “Does Automation Bias Decison-making?’, International Journal of Human-
Computer Sudies, November 1999. Compares the responses of test groups to various smulated
in-flight Stuations basad on indications of traditiond flight instruments only and of traditiond flight
indruments in combination with an automated decison aid. The study concluded that various
sociologicd phenomena can result in excessve reliance by flight crews on computer indications
because of failure to cross-check these indications with other sources of information.
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B.

1.

TECHNICAL CONSIDERATIONSFOR AIR/GROUND CALL TRANSFER
AND SUPPORTING TELECOMMUNICATIONS SERVICE

Transmisson delay through a replacement voice switch may be as low as three milliseconds (ms).
However, some vendors have stated delays as high as 50-100 ms through their systems, which in
some cases are proprietary virtua networks. FAA Bandwidth Manager equipment also adds delay
of about three ms a each node. The limit for overdl communications delay (response time) of 250
ms prior to initiation of voice communications is imposed by NAS-SR-1000, paragraph
3.6.1A.

Voice packets particularly are sendtive to delay. Contributors include:

Accumulation delay. This is dependent on the codec (e.g., G.721) or vocoder
(e.g., G.728) implemented. For example, G.728 at 16 kilobits'second may incur
25 msdeay

Processing delay. Thisis a function of the packetization processing of the voice
samples from the codec or vocoder

Network delay. Thisisthe propagation delay across the network.

Consider evauation of the datitics-gathering capabilities of the telecommunications architecture to
track quality of service (QoS) (e.g., lost packets, delay, jitter) to help solve performance problems.
Congder diagnostic software for operationa network debugging.

Priority calls should be identified so that calls on emergency frequencies will not be blocked.

QoS prioritization particularly is important for voice gpplications, in that speech fragmentation can
occur if voice packets aren't given priority. ATM has inherent QoS capabilities, but 1P would
require specid protocals (eg. RSVP, MPLYS) for prioritization and bandwidth alocation.

Congder protocol issues related to any difference between air/ground push-to-talk voice and
ground/ground interphone voice that would impact their being handled over the same circuit. Also,
some codecs don't process dua-tone multifrequency (DTMF) tones, SO separate tone detection
must be deployed in pardld if DTMF tones are used for signding.

Voice compresson would offer reduction in bandwidth requirements but may have voice quality
impact. Voice compression is not assumed for any telecommunications dternative consdered.

Consider echo cancellation and jitter buffering with adaptive-packet playout (to mitigate variationsin
packet arrival times). Evaluate features for lost packet compensation. For efficiency, deploy Voice
Activity Detection and adgptive Comfort Noise Generation to minimize bandwidth consumption
during bresks in conversation while a the same time providing background noise so that a user
knowsalineis dill avalable.
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C. ACTIVITY-FIVE COST ESTIMATE

Table G| shows the estimated lifecycle personnd costs for Federal employees who will work on the
acquisition of FSS replacement voice switches. These employee costs will be funded by Activity 5 of
the agency’s F& E budget, not the budget line item for the acquisition program. They thus represent a
cost to the agency for FSS replacement voice switches but not adirect cost to the acquisition program.

TABLE C-l. F&E LIFECYCLE COST FOR FEDERAL EMPLOY EES WORKING ON FSS
REPLACEMENT VOICE SWITCH ACQUISITION

lutignlmplementation lo_service ELEMENT]

COST Yol fig)
ELEMENT EYOO FYO1l FYO02) FY Q03] FYOA4 FY Q0D FYCH_EUIL_EUE] EYO00) FY 100 FY 110 FY 120 FY 13} Fy 141 FY 191 FY 161 FY 170 FY 181 FY 10l TOTAL
Program Management 0.3 0.4 0.5 0.5 0.4 0.3 0.3 0.3 0.4 04 0.4 4.2

| Proposal Evaluation and OCT

INRE and Test Activities (less INFOSEC and NIMY Q0 02 04
[INFOSEC
[NIMS
OASIS Console Redesign/Modification
Infrastructure Upgrade/Site Preparation

cquisition and Installation
Dc and Training 01 Q01 0.1 Q01 0.1 02 02 01 0.1 0.1 01 0.1 01 0.1 01 01 01 01 19

upporting Ground Telecommunication
VSRS Sustainment (ramping up’ 0.1 0.2
ICSS Sustainment (ramping down)
JAlaska FSS STVS

0.4 04 0.4 0.4 0.3 0.1 23

TOTAL Q 04 0.8 09 06 Q7 09 10 1.0 09 07 0.2 0.1 0.1 01 0.1 01 01 0.1 0.1 91

Note: Totals may not reflect sums of entries because of rounding
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